Reproductive seasonality was examined in an equatorial population of free-living spotted hyaenas (Crocuta crocuta) 
Introduction
Spotted hyaenas (Crocuta crocuta) are large, gregarious carnivores that occur throughout much of sub-Saharan Africa, from approximately 28°S of the equator to approximately 17° (Mills, 1990; Estes, 1991) . In most populations studied to date, births occur throughout the year, but in many of these populations, patterns of births include distinct seasonal peaks or troughs (Smithers, 1966;  Kruuk, 1972; Lindeque and Skinner, 1982; Frank, 1986;  Mills, 1990 (Sinclair, 1995) . In contrast to these constant temperatures, rainfall varies greatly from month to month (Sinclair, 1979) .
The subject population was one large Crocuta clan inhabiting a home range of approximately 65 km2. The Talek study clan usually contained 20-23 breeding females, 10-12 adult immigrant males, and 30^10 cubs and subadults. Cubs were < 12 months old, and subadults were older individuals that had not yet reached reproductive maturity. All hyaenas in the study clan were known individually by their unique spots, and their sex was determined from the dimorphic glans morphology of the erect phallus (Frank et ah, 1990 (Schneider, 1926; Kruuk, 1972) (Altmann, 1974 (Kruuk, 1972; East et ah, 1993 (Holekamp et ah, 1996) , so this percentage represents the proportion of females with potential to conceive that actually did conceive litters that month. Each of these dependent variables was examined in relation to rainfall and prey availability using analysis of variance (ANOVA). In some analyses, the month of the year was included as a covariate with another independent variable of interest, using analysis of covariance (ANCOVA) . Mean values were presented ± SEM, and differences between groups were considered statistically significant when < 0.05.
Results

Seasonal patterns of births and conceptions
During the 10 year study period, 145 litters were born to Talek females, and births occurred during every month of the year. The mean number of births occurring each month was 1.21 ± 0.12 (range, 0-6), but the number of births varied significantly by month ( Fig. la (Bronson, 1989 Bissonnette, 1932; Dunn and Chapman, 1983; King, 1989 ). This notion is also supported by the observation of Kruuk (1972) (Mills, 1990 Green, 1976; Walker and Rabinowitz, 1992; ChandrasekarRao and Sunquist, 1996) , rainfall could be ruled out as a proximal cue for Crocuta since there was no apparent relationship in the current study between rainfall and either births or conceptions. The hypothesis that Crocuta time their births to minimize cub deaths from flooded dens or other mortality sources could also be ruled out because cub deaths showed no significant seasonal variation.
The annual birth trough observed in the Talek study population occurred approximately one gestation period (3.6 months) after the phase of the annual cycle during which prey animals were least abundant in the home range of the study clan. Litters were least likely to be conceived when game was most scarce, indicating that prey availability has important effects on the timing of reproduction in Talek hyaenas. Furthermore, throughout the range of this species, it appears that reproductive seasonality occurs when prey abundance fluctuates seasonally, and peaks and troughs in the conception rate occur in conjunction with peaks and troughs, respectively, in local food abundance (Kruuk, 1972; Lindeque and Skinner, 1982; Mills, 1990; Cooper, 1993 Cooper, 1993) while it is virtually absent in others (Deane 1962; Pienaar, 1963; Smithers, 1971; Eloff, 1975 Cooper (1993) found that all Crocuta births occurred during the dry season, approximately one gestation period after the annual influx of several thousand migratory zebra.
Interlitter intervals are extremely variable in spotted hyaenas (Holekamp et ah, 1996) , and females appear to be prepared to breed at any time of year. Throughout the range of this species, it appears that reproductive seasonality is not promoted by a specific predictive cue in the environment, such as daylength or rainfall. Instead, seasonal reproduction in spotted hyaenas appears to be largely a consequence of seasonal changes in immediate availability of food. Crocuta obtain 65-95% of their total food intake from hunting medium and large sized ungulates (Kruuk, 1972; Mills, 1990; In various rodent species with gestation periods lasting only 2^1 weeks, energy shortages at the time of conception often reliably indicate that energy will also be in short supply during the lactation interval (for review, see Bronson, 1989) , when energetic costs to breeding females are substantially higher than they are during gestation (for example, see Gittleman and Thompson, 1988; Clutton-Brock et ah, 1989 Bronson, 1989; Wade and Schneider, 1992; Schneider and Wade, in press). A body of research has confirmed that fertility is impaired when food intake is restricted. In all orders of mammals examined to date, ovulatory cycles are lengthened or interrupted by inadequate food intake, or by excessive energy expenditure that is not offset by compensatory increases in food intake (Bronson, 1989; I'Anson et ah, 1991; Wade and Schneider, 1992; Foster, 1994; Wade et ah, 1996; Schneider and Wade, in press).
In female laboratory rodents and livestock, chronic food restriction suppresses GnRH release and, hence, LH secretion, steroidogenesis and ovulation (for review, see Bronson, 1989; Foster, 1994 Morin, 1986; Bronson, 1989; Wade and Schneider, 1992 (French, 1982; Barnes, 1984; Bushberg and Holmes, 1985; Wade and Schneider, 1992) , all of which are likely to vary with food availability. Similarly, the present data indicate that one of these physiological variables may be associated with seasonal changes in food abundance in Crocuta, and that this may mediate reproductive seasonality in spotted hyaenas.
